We show that the promoter from the mouse VH441 heavy-chain immunoglobulin gene, when present on plasmids transiently introduced into myeloma cells, promotes transcription bidirectionally, due to the presence on both strands of TATA-like sequences bracketting the highly conserved decanucleotide element. The two divergent promoters compete for the transcriptional machinery, their relative strength ultimately reflecting the likeness of the two TATA boxes to the consensus sequence. Moreover, their relative activity is also strongly influenced by certain point mutations within the distally located heavy-chain enhancer. The bearing of these results on current concepts of promoter function is discussed.
INTRODUCTION
Two major classes of cis-acting elements are required for the efficient initiation of transcription by RNA polymerase II, i.e. promoters and enhancers (reviewed in 1-3).
Promoters are short DNA regions (< 200 bp) which are located immediately upstream of transcription units and contain all the information required for an accurate initiation in yjYQ, whereas enhancers potentiate the activity of nearby promoters, mainly irrespective of both orientation and distance. Promoters can usually be further dissected into the "TATA" box (consensus sequence TATAAA ; cf 4)) and the "upstream promoter element" (UPE), which are located 25-30 and 40-110 bp upstream from the cap site, respectively. The TATA element presumably serves to identify the sense strand, as well as the precise transcription start point (5) . In constrast, the UPEs, which in many cases endows the promoter with its inductibility and/or tissue-specificity, can frequently be varied in position and/or orientation without much effect on promoter strength.
Perhaps not unexpectedly given these properties of UPEs, many promoters have been found to cause transcription from both DNA stands. These bidirectional promoters either are bracketted by divergently orientated TATA-like elements (6) (7) (8) or consist in UPEs which promote transcription even in the absence of an associated TATA box (9) (10) (11) (12) .
Several studies have analyzed the factors governing the relative strength of the two divergent promoters. It appears that, at least in some cases, competition takes place between them, since the deletion of the TATA box or cap site from one strand stimulates ©IRLPress (18, 19) . Together with an associated TATA box, the cd/dc element is both necessary and sufficient for the activity of immunoglobulin promoters in B cells (20) (21) (22) (23) and it has recently been shown to be the target for a B-cell specific activator (24, 25) .
During the course of our work (17, 22) we noted that, like many other heavy-chain promoters, the subgroup 1MB mouse promoter which we used as a reference, carried a divergently orientated TATA-like box upstream of the cd element, in addition to the "physiological" TATA box (Fig. 1) . Given the orientation-independent character of the cd element, we conjectured that it might promote transcription bidirectionally. Here we show that such is the case and we also examine some of the elements which affect the balance between the two directions of transcription.
MATERIALS AND METHODS
Techniques for plasmid construction, oligonucleotide directed mutagenesis, culture and transfection of the myeloma cell line X63Ag8, as well as chloramphenicol acetyltransferase (CAT) assays, have been described (17, 22) . Similarly, the transcription start point of the cal gene was mapped using primer extension as described previously (22) The origin of the DNA fragments used in this work has been already described.
Briefly, the 1 kb Xba1 -Xb_a1 fragment encompassing the heavy chain (IG) enhancer, and the 220 bp fragment carrying the promoter of the VH441 gene (V1 fragment) were described (17) . The renin-cd promoter (Rn-cd) used here is the R6-cd fragment (22) :
it extends from -83 to -1-30 with respect to the renin transcription start point. The IK promoter (nt.-196 to +52 with respect to the start) has been described in (17) . For inversion experiments, promoter fragments were provided at both ends with Hind III linkers and cloned in either orientations in the Hind III site of pSBI-IG, a derivative of pSBI (27) carrying the IG enhancer in the BamH1 site. In the various constructs, the cal initiation codon was the first AUG encountered downstream from the cd (or dc) element, except in the reversed tk fragment which carries an AUG codon in phase with the cat gene.
However, adding extra aminoacids to the N terminal of chloramphenicol acetyltransferase does not usually impairs its activity (P. Herbomel, personnal communication).
BESULIS
Bidirectionality of the VH441 promoter
In our previous work, we showed that a DNA fragment extending from nucleotides -118 to +59 with respect to the transcription start site of the VH441 gene (mouse subgroup 1MB), behaves as an efficient promoter in myeloma cells (17, 22) . This fragment, : Schematic structure of three promoter fragments used in this work, the origin of which is described in Materials and Methods. The mutated fragment V1-TATA+ and Rn-cd-TATA" are shown schematically below their unmutated counterparts. Numbering Is from the main transcription start point, as determined in (22) for Rn-cd, in (26) for Tk, and in this work for V1. The cd/dc element Is indicated In boldface.
hereafter referred to as VI, bears a perfectly canonical cd, but Its TATA homology is not particularly striking, an A-rich element TGAAAA being found in the same location as the TATA box of most heavy-chain promoters (Fig. 1) . V1 also carries the TATA-like sequence TAT ATA, 11 nucleotldes upstream from the cd element, on the opposite strand (Ftg. 1).
To assess whether this promoter could work in both directions, the fragment was inserted In either orientation Into pSBi-IG, a promoterless cat plasmid bearing the Immunoglobulin heavy chain enhancer ( Fig. 2A) . The corresponding constructs were developed over a period of 48 h was taken as a measure of promoter strength (28) . As seen in Fig. 3 , a nearly equal CAT activity was recorded for the 'sense* or "anlisense" orientations of the fragment (denoted V1 and V-1, respectively), thus demonstrating the bidirectlonality of this promoter. Using primer extension (22) , the main transcription start points were mapped at 46 and 40 nt downstream from the cd/dc element for the "sense" and "antisense" transcription, respectively, I.e. at the expected distance from the TATA-like element in each case (Fig. 4) . The fact that bidirectlonality rests on the presence of these TATA elements, was further demonstrated by inverting two promoters which carry a cd/dc element, but lack an antisense TATA box. We have previously Inserted the cd element within the promoter of the mouse renin 1 gene (Rn-cd promoter, see Ref. Fig. 3) and did not alter the main transcription start point (Fig. 4) . However, when Whatever its exact mechanism, the differential effects of the dc mutation on the activity of the divergent VH441 promoters, or that of the derivative carrying the consensus TATAAA sequence, Illustrate quite dramatically the emerging concept that each promoter will respond preferentially to certain enhancers compared to others (14) . As documented here, this holds even for promoters carrying the same UPE, but differing in the region of TATA homology.
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